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EBAM System Characteristics

EBAM machine

(example, old model) Build chamber
: 5

High power Leaded glass
60 keV electron gun High strength glass
No moving part Heat shield

Sensor access limitation



EBAM Viewport Window
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EBAM Process Characteristics

Speed Function (SF)
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EBAM Process/Material Studies

Process Physics

AM Part (4)
Powder-Bed (1)

Ti-6Al-4V



(1) Feedstock Characterization

E[I Powder-Bed Particles, Porosity
- Metallography, Micro-CT

Efl Thermal Conductivity
- Hot-Disk Thermal Analyzer



Preheated Powder
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Porosity Study - Micro-CT

= 10 mm Ti-6Al-4V Cube (hollow)
» Skyscan 1172 Micro-CT

» Size/Porosity Distribution
~ 2 uym resolution

Sintered
powders



Porosity and Powder Size

= Powder-Bed Porosity, ~ 50%

= Particle Size Distribution
Major: ~ 30 to 50 uym
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Powder Thermal Conductivity
» TPS2500 S Thermal Analyzer (Hot Disk)

- Solid and Hollow samples
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Powder Thermal Conductivity

= Sintered Powder Specimens
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(2) Temperature Simulation
- Finite Element Modeling

E[I Heat Transfer

EI Heat Source

E[I Material/Powder Properties
&fl Latent Heat of Fusion



Governing Equations
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Powder layer

Radiation

Heat Transfer
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» Heat Conduction
» Negligible molten flow within molten pool
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Heat Source Equations

Intensity distribution: a conical source:

» Horizontal — Gaussian distribution -

» Vertical — Decaying with increasing of - Ld
penetration depth
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Simulation Example

Scanning on layer 1

NT11

730
730
730
730
730
730
730
730
730
730 . . . .
730 Process Simulation Animation
730

X -
Increment 0O:StepTime = 0.000
Primary Var: NT11
Deformed Var: not set Deformation Scale Factor: not set



(3) Temperature Measurements
- Near IR Thermography

ECI Spectral Range

@J Build Area View Access

EEI Resolutions (Spatial/Temporal)
Y] Emissivity

EI Transmission Loss
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Near Infrared Thermal Imager
"LumaSense MCS640
="Spectral Range: 780 — 1080 nm

" 640 by 480 FPA (Amorphous Si
based)

" Temperature Range: 600 to 3000 °C
(3 domains)

" Frame Rate: Max. 60 Hz

" Lens: ~ 500 mm Focal Distance
" View Area: 32 mm by 24 mm

" Spatial Resolution: ~ 50 ym

Challenges:
Emissivity and Transmission



Measurement Setup

Emissivity (Single Setting, Estimated)

Transmission (Calibrated, 3 Ranges,
with Glasses)

EBAM Machine EBAM Machine
Near Infrared -
Camera Heat Shield

Near Infrared )
Camera .

Heat shield
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NIR Video Examples

Medium Temperature Range
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Temperature Profile Analysis
(Hatch Melt)
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Transmission Loss Study

Lighter side ker side

Controlled
Exposure

Viewing Area

Sacrificial glass with two levels of metallization.
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Temperature (C)

Controlled Exposure Experiment

Temperature Profiles Observed Through Different
Levels of Metallization
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1.

. Solve for True Emissivity,

Molten State Emissivity Estimate

Identify Measured Liquidus 3000
Temperature

Solve for Apparent Liquidus <
Temperature, (function of O 2m0
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Temperature Profile Compensation
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Process Parameter Effect

" Speed Function (SF) Index

- System Setting
" Beam Speed, Current
" Tested Range

- SF20 - SF65

Beam Speed (mm/s)
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NIR Images — Different SF Indices

-2600.0 0
2350.0 O
22000 Cf
2050.0 O
1900.0 O
1750.0
1600.0 Cf
1450.0 O
1300.0 O

E

1150.0 O

1000.0 Cf

2500.0
23500
22000
2050.0
19000
1760.0
1600.0
1450.0
13000
1150.0
1000.0

26000 C

235000

22000C

2050.0C

19000 C

175000

1600.0C

1450.0C

13000C

115000

10000C

25000C

235000

22000C

2050.0C

19000 C

17500C

18000 LC

14500C

13000C

118000

10000C

29



Average Melt Pool Length (mm)

7.7 mA current, 0.65 mm diameter, 6.65 mm build height

Melt Pool Size Comparisons
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Temperature Analysis
Beam Speed Effect
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EEI Microstructures (Phases, Grain Sizes)
m Mechanical Properties (E, H, YS, UTS)



EBAM Ti-6Al-4V Microstructure

S0 pum

Side surface (X-plane)

Scanning surface (Z-plane)
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Process Parameter Effects
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Mechanical Property (Nanoindentation)
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Split-Hopkinson Bar Testing
(P. Allison)

® Uniaxial Tensile, Quasi-static and Dynamic
" Mechanical Behavior

YS: ~975 MPa, UTS: ~1030 MPa

Engineering Stress (Mpa)

IIIIIIIIIIII

Engineering Strain (mm/mm)




